


Evaluation of ivermectin efficacy and anthelmintic resistance in naturally occurring gastrointestinal nematode infections of sheep in central Kashmir
ABSTRACT
Gastrointestinal nematode (GIN) infections in sheep impose significant economic losses on the livestock industry worldwide. The emergence of anthelmintic resistance (AR) to widely used drugs threatens the efficacy of control programmes. This study evaluated the efficacy of ivermectin (injectable form) against naturally occurring GIN infections in cross-bred Merino sheep from the central Kashmir region and assessed the status of anthelmintic resistance. A total of 100 sheep managed under semi-intensive grazing system were selected and randomly divided into treatment (n=75) and untreated control (n=25) groups. Animals with fecal egg counts (FEC) ≥150 eggs per gram of feces (EPG) that had not received anthelmintic treatment for at least 8-12 weeks prior to the study were included. Ivermectin was administered as a subcutaneous injection at the dose rate of 200 μg/kg body weight. Fecal egg count reduction test (FECRT) was performed on Day 0 (pre-treatment) and Day 14 (post-treatment). Individual FEC measurements and pooled fecal cultures for larval identification were performed according to World Association for the Advancement of Veterinary Parasitology (WAAVP) guidelines. The results revealed a fecal egg count reduction of 74.33% (95% CI: 70.55–78.11%) in the treatment group, with a group-level FECR of 71.06%, indicating moderate anthelmintic resistance to ivermectin. Post-treatment larval cultures identified predominantly Haemonchus spp. (78%) followed by Trichostrongylus spp. (20%) and others (2%) in the treatment group, while the control group exhibited mixed infections. The findings suggest that ivermectin resistance in GINs of small ruminants in the Srinagar district warrants urgent implementation of resistance management strategies, including targeted selective treatment (TST), rotational use of different anthelmintic classes, and regular monitoring of drug efficacy to ensure sustainable parasite control in the region.
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INTRODUCTION
Small ruminants, particularly sheep, provide critical socioeconomic benefits to marginal farmers in India by providing protein, income, and livelihood security (Bath and Van Wyk, 2009; Bihaqi et al. 2020a). Gastrointestinal nematode (GIN) infections, particularly Haemonchus contortus, represent one of the most economically important parasitic diseases affecting sheep farming systems (Campbell, 2012; Mpofu et al, 2022; Mohammedsalih et al. 2024). GIN infections result in considerable economic losses through reduced milk production, weight loss, poor wool quality, anemia, increased susceptibility to other pathogens, and in severe cases, mortality (Coles et al. 1992 & 2006; Falzon, et al. 2013; Cringoli et al. 2017). In India, helminth diseases alone account for approximately 5% mortality and more than 10% morbidity in sheep populations (Geurden et al. 2014 a).
Chemotherapy using anthelmintic drugs has remained the primary control strategy for managing GIN infections in sheep worldwide (Knoll et al. 2021 a & b).  Among the various anthelmintic classes available, macrocyclic lactones (ML), particularly ivermectin, have been extensively used due to their broad-spectrum activity against both endoparasites and ectoparasites, high efficacy as well as favorable safety profiles. Ivermectin comprises of two forms: Ivermectin B1a (at least 80%) and B1b (maximum 20%), and since its introduction, has become the most widely used anthelmintic worldwide, particularly in the Indian subcontinent due to its cost-effectiveness and availability in multiple formulations (Mahieu et al. 2007; Kumar & Singh, 2016).
However, the prolonged and indiscriminate use of anthelmintics over the past two decades has led to the development of anthelmintic resistance (AR) in GIN populations across many geographic regions worldwide (Nasreen et al. 2007; Pena-Espinoza et al. 2014; Batista et al. 2023; Devos et al. 2024). While AR has been well-documented in small ruminants in many countries (Smith et al. 1999; van wyk et al. 2004; Prichard, 2007; Priyanka et al. 2020), reports from the Kashmir region are limited (Tramboo et al. 2017). Till date, no published reports are available on the efficacy of injectable ivermectin specifically against GINs in sheep from the unorganized smallholder farming sector of Srinagar district, central Kashmir. The present study was therefore undertaken to: (1) evaluate the efficacy of injectable ivermectin against naturally occurring GINs in cross-bred Merino sheep from small-scale farms in the Srinagar district, (2) assess the presence and level of anthelmintic resistance using FECRT, and (3) identify the nematode genera most responsible for treatment failure through larval culture.

MATERIALS AND METHODS
Study design and location: The study was conducted in Srinagar district of Kashmir the central region of the Kashmir Valley (Fig.1), from April to August 2023. A total of 100 local cross-bred Merino sheep (age range: >6 months to 3 years) maintained under semi-intensive management at Sangam Badiudera (34°05'N, 74°47'E), village were selected (Fig.2). Animals were randomly allocated to two groups by different paint colors and numbering: Group A (treatment, n=75) received ivermectin injection, and Group B (control, n=25) remained untreated. Inclusion criteria: fecal egg count (FEC) ≥150 eggs per gram of feces (EPG) as recommended by WAAVP, no anthelmintic treatment for 8-12 weeks prior to study, and maintenance under semi-intensive management with access to local grazing areas.
Ethical approval: Ethical clearance for animal experimentation was obtained from SKUAST-Kashmir, Division of Veterinary Parasitology, Faculty of Veterinary Sciences (Regst. No.: 1809/GO/ReBiS/Rel/15/CPCSEA). Written informed consent was obtained from livestock owners, and all procedures adhered to established guidelines or humane animal handling.
Treatment protocol: Each sheep in Group A received a single subcutaneous injection of ivermectin (locally sourced) at a dose rate of 200 μg ivermectin per kg body weight (equivalent to 1 mL per 50 kg body weight, or 0.2 mg/kg). Body weight was determined using heart girth and body length measurements, calculated according to: Body weight (kg) = (Heart girth × Heart girth × Body length) / 600 (Khan et al. 2004). Group B received no treatment and served as untreated infected control.
Fecal sampling and laboratory analysis: Fecal samples (approximately 10-15 grams) were collected per rectum using aseptic technique on Day 0 (pre-treatment) and Day 14 (post-treatment) from all 100 animals in polythene zipper bags. Each sample was labeled with animal identification, date, and group assignment. Samples were transported with the help of cold storage boxes and preserved at 4°C to Advanced Research Laboratory for analysis (MAFF, 1986).
Fecal egg count (FEC) determination: Fecal egg counts were determined using modified McMaster technique (Taylor et al. 2016; Anonymous, 2018) with some modifications, having sensitivity of 3 EPG. The procedure involved: (1) Two grams of faeces were weighed and triturated with 28 mL of sodium chloride solution using a pestle and mortar. (2) The mixture was strained through a tea strainer into a clean beaker. (3) Both chambers of a McMaster slide were immediately filled with the filtrate using a pipette. (4) The slide was allowed to stand for 3–5 minutes to permit egg flotation. (5) The slide was examined under a microscope using a 10× objective lens. (6) Eggs were identified to genus level and counted in both engraved areas.  [Note: Nematodirus spp. and Trichuris spp. were excluded from the study due to different larval culture requirements]. Total egg count was multiplied by 50 to obtain EPG. Duplicate readings were performed for quality assurance.
FECRT and Resistance classification: 
FECRT was performed according to WAAVP guidelines (Coles et al. 2006). The percentage reduction in fecal egg counts was calculated using the following formula: 
FECR% = [100 × (Xt1 − Xt2)] / Xt1
where Xt1 = arithmetic mean EPG at Day 0 and Xt2 = arithmetic mean EPG at Day 14.
Group-level assessment: FECR% = 100 × [1 − (T14/C14)], where T14 = mean EPG of treated group at Day 14 and C14 = mean EPG of control group at Day 14. 
Ninety-five percent confidence intervals were calculated using arithmetic mean of individual animal reductions: 95% CI = Mean reduction ± (1.96 × Standard error).
Anthelmintic resistance classification followed WAAVP criteria: Susceptible (no resistance): FECR% ≥95% with lower 95% CI ≥90%; Suspected resistance: FECR% ≥95% with lower 95% CI <90%, OR FECR% <95% with lower 95% CI ≥90%; Moderate resistance: FECR% 60-95% or lower 95% CI <90%; Severe resistance: FECR% <60%. 
Fecal culture and larval identification: 
In this study, technique as described by (Taylor et al. 2016; Anonymous, 2018) for preparation of fecal cultures with minor modifications was employed: (1) Fifty grams of pooled faecal samples (n=25) were collected and finely homogenized. (2) The consistency was adjusted to moist and crumbly using vermiculite and water as required. (3)  The material was placed on wet filter paper in a Petri dish and set inside a larger petri dish with distilled water. (4) The setup was incubated in a B.O.D at 27 °C and 80% humidity for 7–10 days. (5) Migrated larvae were collected, centrifuged at 2000 rpm for 2 minutes, and 1 mL of sediment was retained. (6)  From each sample, 100 L3 larvae were identified to genus level at ×100 magnification, and percentage composition was calculated (Van Wyk et al. 2013).
Statistical analysis: Data were recorded in Microsoft Excel and analyzed using SPSS version 20.0. Fecal egg count (EPG) data were summarized using descriptive statistics (mean ± SE). Pre- and post-treatment EPG values within the ivermectin-treated group were compared using a paired t-test, as measurements were obtained from the same animals at two time points. Fecal egg count reduction percentages (FECR%) and 95% confidence intervals were calculated from individual animal data according to WAAVP guidelines, with statistical significance set at p < 0.05.
RESULTS
Fecal egg count and treatment response
At Day 0 (pre-treatment), the mean fecal egg count (EPG) in the ivermectin-treated group (n = 75) was 600.67 ± 55.67, while the untreated control group (n = 25) recorded a mean EPG of 400.00 ± 44.35. Pre-treatment EPG values did not differ significantly between the two groups (p > 0.05), indicating comparable baseline parasite burdens.
At Day 14 post-treatment, the mean EPG in the treated group declined to 180.67 ± 24.31, whereas the control group showed an increase to 622.00 ± 62.25, confirming active parasite transmission in untreated animals.
Comparison of pre- and post-treatment EPG values within the ivermectin-treated group using a paired t-test revealed a highly significant reduction in fecal egg counts (t = 12.34, df = 74, p < 0.0001). 
Fecal egg count reduction and Resistance classification
The fecal egg count reduction calculated from individual animal data showed a mean FECR of 74.33% ± 1.90, with a 95% confidence interval ranging from 70.55% to 78.11%. Group-level FECR, calculated by comparing Day 14 mean EPG values of treated and control groups, was 71.06%.
Anthelmintic resistance status classification
Based on WAAVP criteria, the resistance status was classified as follows: Ivermectin efficacy was below the recommended threshold of ≥95%, and the lower 95% confidence limit was <90%, confirming the presence of moderate anthelmintic resistance in the gastrointestinal nematode population [Table 1].
Table 1: FECRT-based evaluation of injectable ivermectin efficacy against gastrointestinal             nematodes in sheep from central Kashmir.
	Group
	Anthelmintic Dosage/kg
	Animals Treated         (n)
	Route
	EPG Mean ± SE (D0)
	EPG Mean ± SE (D14)
	FECR%
	95% CI (%)
	Resistance Status (WAAVP)

	Ivermectin
(Treated)
	Ivermectin
200 μg/kg
	75
	SC
	600.67 ± 55.67
	180.67 ± 24.31
	74.33
(±1.90)
	70.55
78.11
	Moderate Resistance

	Control
(Untreated)
	None
	25
	N/A
	400.00 ± 44.35
	622.00 ± 62.25
	—
	—
	—


Note: EPG = Eggs per gram of feces; SE = Standard Error; FECR% = Fecal Egg Count Reduction Percentage; D0 = Day 0 (pre-treatment); D14 = Day 14 (post-treatment); SC = Subcutaneous injection.
Post-treatment larval culture and nematode genus identification
Table 2: Nematode genus composition before and after treatment
	Parasite Genus
	Pre-Tx Count
	Pre-Tx %
	Post-Tx Count
	Post-Tx %

	Haemonchus spp.
	55
	55.00%
	78
	78.00%

	Trichostrongylus spp.
	26
	26.00%
	20
	20.00%

	Chabertia spp.
	13
	13.00%
	0
	0.00%

	Other genera
	6
	6.00%
	2
	2.00%

	TOTAL
	100
	100.00%
	100
	100.00%



In this study 100 larvae from pooled fecal samples were analyzed for identification and it revealed that ivermectin treatment produced differential effects on nematode populations. Before treatment, Haemonchus spp. dominated (55%), with Trichostrongylus spp. (26%), Chabertia spp. (13%), and others (6%). After treatment, Haemonchus spp. increased to 78% (resistant, +23%), Trichostrongylus spp. declined to 20% (moderately susceptible, -6%), Chabertia spp. was completely eliminated (highly susceptible, 0%), and others dropped to 2% (mostly eliminated, -4%). This pattern demonstrates selective efficacy: the drug effectively kills susceptible genera while failing to eliminate resistant Haemonchus spp. The resulting population shift toward resistant parasites, driven by selective pressure, explains the 74% FECR and indicates that continued ivermectin use will accelerate anthelmintic resistance development, necessitating alternative parasite management strategies.
DISCUSSION
This study presents the first comprehensive evaluation and published report of ivermectin injectable formulation efficacy against naturally occurring GINs in cross-bred Merino sheep from the unorganized smallholder farming sector of Srinagar district, central Kashmir. The findings of 74.33% individual FECR (95% CI: 70.55–78.11%) and 71.06% group-level FECR, with classification of moderate anthelmintic resistance, represent a significant epidemiological finding with important implications for parasitic management in the region.
Our results are consistent and support the growing body of evidence documenting ivermectin resistance in small ruminants across India and globally. Priyanka et al. (2020), reported similar FECR of 87.85% in sheep of Haryana, also indicating moderate resistance. McArthur et al. (2011 a) in the United Kingdom observed that Cooperia species (particularly resistant to ivermectin) comprised 65% of L3 isolated one-month post-treatment, demonstrating selective resistance similar to our findings with Haemonchus spp. Adediran & Uwalaka (2015) also demonstrated low ivermectin efficacy with Haemonchus spp. as the primary resistant species, in naturally infected West African Dwarf (WAD) goats. Batista et al. (2023) demonstrated ivermectin resistance in Haemonchus spp. and Trichostrongylus spp. using the fecal egg count reduction test (FECRT) in sheep populations in Brazil. Voigt et al. (2022) provided in vivo FECRT-based evidence of resistance in Haemonchus contortus in Germany, indicating reduced efficacy of ivermectin. Widespread ivermectin resistance with dominance of Haemonchus contortus was also reported in communally reared sheep farms in South Africa by Mavundela et al. (2025).
The present study, together with previous work from the Kashmir region, demonstrates a clear and progressive decline in ivermectin efficacy against gastrointestinal nematodes. Ivermectin efficacy decreased from approximately 100% reported by Tramboo et al. (2017) and 94.28% reported by Nasreen et al. (2007), to 83.54% on Day 8 and 90% on Day 14 post-treatment in caprines, reported by Bihaqi et al. (2013), and further down to 74.33% FECR in the present study, indicating moderate resistance to ivermectin. These findings are consistent with Bihaqi et al. (2020 b), who classified ivermectin resistance as moderate on Day 7 and slight on Day 14 post-treatment, as FECR values on Day 14 remained >90% but <95%. They are also in agreement with Shahardar et al. (2014), who reported slight ivermectin resistance at the Government Sheep Breeding Farm, Poshnar (Handwara), and moderate resistance at the Government Sheep Breeding Farm, Zawoora (Shopian), in Kashmir. Collectively, these studies indicate a robust temporal trend of declining ivermectin efficacy in the Kashmir Valley, highlighting an increasing risk of further resistance development over a relatively short period if current treatment practices are not modified.
 Mechanisms and genus differential resistance
The post-treatment shift in nematode genus composition is a hallmark finding observed in ivermectin resistance globally and warrants detailed explanation. In our study, the larval culture analysis revealed critical patterns that directly explained the moderate FECR and demonstrate the selective nature of anthelmintic resistance (Priyanka et al. 2020; Geurden et al. 2014 b; Sargison et al. 2010).
Pre-treatment genus distribution:
Before treatment, the parasite population was mixed: Haemonchus spp. (55%), Trichostrongylus spp. (26%), Chabertia spp. (13%), and other genera (6%), representing a naturally occurring mixed infection typical of sheep grazing in endemic areas. Mixed nematode infections are commonly observed in pastoral and semi-intensive grazing systems (Hassan et al. 2013; Wamatu et al. 2021; Knoll et al, 2021 b;), where exposure to diverse parasite stages and species is inevitable due to continuous pasture contamination and variable environmental conditions.

Post-treatment genus shift and selective elimination:
After ivermectin treatment on Day 14, a marked shift occurred: Haemonchus spp. increased to 78% (from 55%, +23 percentage points), Trichostrongylus spp. decreased to 20% (from 26%, -6 percentage points), Chabertia spp. was completely eliminated (from 13% to 0%, -13 percentage points), and other genera declined to 2% (from 6%, -4 percentage points). This pattern demonstrates selective elimination of susceptible genera (Chabertia 100% killed, others 67% killed) while allowing resistance-bearing Haemonchus spp. to dominate the surviving parasite population, increasing from 55% to 78%. This phenomenon is consistent with global observations of selective anthelmintic efficacy (Kaplan and Vidyashankar, 2012; Bosco et al. 2020). Similar patterns have been documented by Priyanka et al. (2020), where only H. contortus was recovered from faecal cultures after ivermectin treatment in sheep, indicating complete elimination of other genera and dominance of the resistant strain. McArthur et al. (2011 b) similarly reported that in cattle, Cooperia species comprised 65% of L3 isolated one-month post-treatment with ivermectin, demonstrating selective resistance of this genus. Vadlejch et al. (2014) in Czech Republic also observed the presence of only H. contortus larvae in post-treatment faecal cultures of sheep, confirming this selective resistance pattern across different geographic regions.
Risk factors for resistance development
Multiple risk factors likely contribute to the development of moderate ivermectin resistance observed in this study: (1) Frequency and intensity of anthelmintic use - The widespread availability and low cost of ivermectin in injectable form in the local market may encourage frequent and possibly irrational use without proper diagnostic confirmation; (2) Dosing accuracy - Field applications may involve approximations or fixed-dose strategies without accurate weight measurement, potentially resulting in sub-optimal dosing that selects for resistance; (3) Flock management - The semi-intensive grazing system with mixed animal grouping and communal water sources facilitates rapid parasite transmission and maintenance of high worm burdens, accelerating resistance selection; (4) Lack of drug rotation - Exclusive reliance on ivermectin without rotation to other anthelmintic classes (benzimidazoles, imidazothiazoles) creates sustained selection pressure.
Implications for sustainable parasite control
The demonstration of moderate anthelmintic resistance to ivermectin has several critical implications for the Kashmir sheep farming community. First, with FECR of only 74.33%, ivermectin treatment is no longer achieving the desired goal of ≥95% parasite elimination, resulting in substantial proportions (approximately 25%) of the parasite population surviving treatment and reproducing. Second, continued use despite emerging resistance will further accelerate resistance development, rendering the drug progressively more ineffective over time.
To preserve the efficacy of remaining anthelmintics and maintain sustainable parasite control, implementation of evidence-based resistance management strategies is urgent: (1) Targeted Selective Treatment (TST) - treating only animals with EPG thresholds >500, reducing treatment frequency by 40-60% while maintaining production goals (2) Rotational anthelmintic use - structured rotation between different drug classes (benzimidazoles, imidazothiazoles, levamisole) with minimum 2-year intervals between class use (3) Integrated Parasite Management - incorporating non-chemical strategies including pasture rotation, fallowing, improved housing, and nutritional supplementation (4) Regular monitoring - FECRT monitoring every 6-12 months to detect further resistance progression (5) Farmer education - extension programs emphasizing judicious use and accurate weight-based dosing.
CONCLUSION
This study provides the first field-based evidence of moderate ivermectin resistance in gastrointestinal nematodes of sheep from smallholder farming system in central Kashmir. The observed fecal egg count reduction values (individual FECR = 74.33%, group FECR = 71.06%) were well below the recommended WAAVP efficacy threshold, confirming reduced ivermectin efficacy under field conditions. Post-treatment larval cultures showed selective survival and dominance of Haemonchus spp., indicating genus-specific resistance. 
These findings highlight the urgent need for integrated parasite management strategies, including targeted selective treatment, anthelmintic rotation, and routine resistance monitoring, to mitigate further resistance development and ensure sustainable sheep production in the region. 
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                                Fig. 1: Map showing the study site (Sangam, Srinagar) 
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